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RESERVE CAPACITY CALCULATING 
APPARATUS AND METHOD THEREFOR, 
AND COMPUTER READABLE MEDIUM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 2011 
67346, filed on Mar. 25, 2011, the entire contents of which are 
incorporated herein by reference. 

FIELD 

Embodiments of the present invention relate to a reserve 
capacity calculating apparatus and a reserve capacity calcu 
lating method, and a computer readable medium for storing a 
computer program, for example, and relate to, in a demand 
response (DR) system that requests a customer to restrain 
power consumption, a reserve capacity calculating apparatus 
that calculates reducible reserve power (reserve capacity) of 
the customer before the DR is carried out. 

BACKGROUND 

Standardization organizations such as OASIS (OpenADR) 
and ZigBee are promoting automated processing systems for 
reducing power consumption during critical periods of peak 
power demand, in which a DRAS (a demand response auto 
mated server) located at an electric power company side 
transmits a power consumption reduction signal (a DR signal) 
to an EMS (energy managing system) installed at a customer 
side. 

In connection with the system, a method has convention 
ally been proposed, in which determination is made to how 
equipment of each customer should be controlled, on the 
basis of indicators such as comfort and an electric power rate, 
and a daily load curve is calculated to schedule the total 
amount of demand to be restrained. In this technique, a 
method of changing a plan on the basis of each customer's 
activity of a particular day has not been proposed. Further, a 
method of calculating reducible reserve power (reserve 
capacity) of each customer when a plan is changed has not 
been proposed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an electric power managing system 
including a reserve capacity calculating apparatus according 
to an embodiment; 

FIG. 2 illustrates an example of a temperature history DB; 
FIG. 3 illustrates an example of an electric power history 

DB; 
FIG. 4 illustrates an example of a predicted parameter DB; 
FIG. 5 illustrates an example of a hardware configuration 

of the reserve capacity calculating apparatus; 
FIG. 6 illustrates an example of a communication proce 

dure performed between components of the reserve capacity 
calculating apparatus; 

FIG. 7 illustrates an example of a procedure of a power 
consumption distribution calculator, 

FIG. 8 illustrates an example of identifying a similar out 
door temperature sequence; 

FIG. 9 illustrates an example of identifying a similar power 
consumption sequence; 

FIG. 10 illustrates an example of calculating an average 
value and a standard deviation; 
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2 
FIG. 11 illustrates an example of a procedure of a power 

consumption predicting unit; 
FIG. 12 schematically illustrates an example of calculating 

a deviation rate and a predicted value; 
FIG.13 illustrates an example of a procedure of a predicted 

parameter learning unit; 
FIG. 14 is a diagram for explaining processing of the pre 

dicted parameter learning unit; 
FIG. 15 is a diagram for explaining processing of a reserve 

capacity calculating unit; 
FIG. 16 illustrates a reserve capacity calculating apparatus 

according to a second embodiment of the present invention; 
FIG. 17 illustrates a reserve capacity calculating apparatus 

according to a third embodiment of the present invention; and 
FIG. 18 illustrates an example of a living information his 

tory DB. 

DETAILED DESCRIPTION 

According to an aspect of embodiments, there is provided 
a reserve capacity calculating apparatus. 
The apparatus includes a reference power consumption 

receiver, an electric power history database, a temperature 
history database, a power consumption distribution calcula 
tor, a power consumption predicting unit and a reserve capac 
ity calculating unit. 
The reference power consumption receiver receives from a 

demand restraint calculating apparatus a reference power 
consumption sequence being a power consumption sequence 
of a first date planned for a customer. 
The electric power history database stores therein a power 

consumption sequence of the customer and demand restraint 
strength with each date, the power consumption sequence 
being measured by a power measuring instrument. 
The temperature history database stores therein an outdoor 

temperature sequence of a customerhouse with each date, the 
outdoor temperature sequence being measured by a tempera 
ture SensOr. 

The power consumption distribution calculator (a) uses a 
predicted outdoor temperature sequence given previously of 
the customer house for a prediction period at the first date 
from a first time to a second time being later than the first time, 
(b) identifies, in the temperature history database, dates hav 
ing a sequence part similar to the predicted outdoor tempera 
ture sequence in the prediction period, (c) identifies, with 
identified dates, in the electric power history database, power 
consumption sequences having same demand restraint 
strength as that of the first date, and (d) calculates a statistical 
distribution or a representative value of identified power con 
Sumption sequences for a whole period from a third time to 
the second time, the third time being earlier than the first time. 
The power consumption predicting unit calculates a pre 

dicted power consumption sequence in the prediction period 
using the power consumption sequence measured for a his 
tory used period from the third time to the first time at the first 
date and the statistical distribution or the representative value. 
The reserve capacity calculating unit calculates reserve 

capacity being a difference between a predicted power con 
Sumption sequence and a sequence part in the prediction 
period of the reference power consumption sequence, and to 
transmit the reserve capacity to the demand restraint calcu 
lating apparatus. 
Now, embodiments will be described with reference to the 

drawings. 
FIG. 1 illustrates an electric power managing system 

including a reserve capacity calculating apparatus 101 
according to an embodiment. 
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The electric power managing system includes the reserve 
capacity calculating apparatus 101, a temperature sensor 102. 
and a power measuring instrument 104 which are located at a 
customer 100 side. The electric power managing system also 
includes a Supply-and-demand controlling server 130 located 
at an electric power company side and a temperature predict 
ing server 120 located at a wide area network such as the 
Internet. 
The temperature predicting server 120 includes a tempera 

ture predicting apparatus 121. The temperature predicting 
apparatus 121 predicts outdoor temperature and stores therein 
the predicted outdoor temperature. The prediction may be 
carried out on a regional basis, an address basis, or a division 
of land basis. The temperature predictingapparatus 121 trans 
mits, in response to a request from the reserve capacity cal 
culating apparatus 101, the predicted outdoor temperature 
data to the customer (an address of the customer or an area 
including the customer). Specifically, the temperature pre 
dicting apparatus 121 transmits outdoor temperature data 
Such as transition data of the outdoor temperature of this 
whole day or transition data of the outdoor temperature in a 
period between the time at which the request is made and the 
end of this day. 
The supply-and-demand controlling server 130 includes a 

demand restraint calculating apparatus 131. While a demand 
restraint plan or a Supply-and-demand plan is implemented, 
the demand restraint calculating apparatus 131 calculates a 
power consumption sequence (a reference power consump 
tion sequence) of each customerand notifies each customer of 
the calculated sequence. The reference power consumption is 
calculated on the basis of temperature or some other influ 
ence. The reference power consumption is represented as a 
transition of demand for power consumed on a day-to-day 
basis (24 hours), for example. As described later, FIG. 15 
illustrates an example of the reference power consumption. 
The reserve capacity calculating apparatus 101 includes a 

temperature history DB (database) 103, an electric power 
history DB 105, a power consumption distribution calculator 
106, a predicted parameter DB 107, a power consumption 
predicting unit 108, a reference power consumption receiver 
109, a reserve capacity calculating unit 110, and a predicted 
parameter learning unit 111. 
The reserve capacity calculating apparatus 101 communi 

cates with the temperature sensor 102, the power measuring 
instrument 104, the temperature predicting apparatus 121, 
and the demand restraint calculating apparatus 131 to receive 
data from and exchange data with them. 
The temperature sensor 102 measures the outdoor tem 

perature of the customerhouse at constant intervals and trans 
mits the measured values to the reserve capacity calculating 
apparatus 101. The temperature sensor 102 may include an 
internal memory unit that stores the measured values. 
The temperature history DB 103 stores the sequence of the 

outdoor temperature measured by the temperature sensor 102 
for each date. 

FIG. 2 illustrates an example of the temperature history DB 
103. The temperature history DB 103 stores the transitions of 
the outdoor temperature on a day-to-day basis (every 24 
hours). The history of the stored outdoor temperatures is used 
by the power consumption distribution calculator 106. 

The power measuring instrument 104 measures the power 
consumed in the customerhouse by the customer (e.g., equip 
ment in the house) at constant intervals. 
The electric power history DB 105 stores the sequence of 

the power consumption measured by the power measuring 
instrument 104 for each date with a demand restraint strength 
(including “no demand restraint'). That is, the electric power 
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4 
history DB 105 stores the power consumption sequences of 
the customer on a day-to-day basis (every 24 hours). A value 
of the demand restraint strength represents a degree of 
requested demand restraint. It should be noted that it is not 
essential that the demand restraint strength should be used. 

FIG. 3 illustrates an example of the electric power history 
DB 105. The history of the stored power consumption 
sequences is used in the power consumption distribution cal 
culator 106, the power consumption predicting unit 108, and 
the predicted parameter learning unit 111. 
The predicted parameter DB 107 stores a parameter (a 

history used period length) with each set of a time (a current 
time) and a predicted period length, the parameters being 
used by the power consumption distribution calculator 106 
and the power consumption predicting unit 108. FIG. 4 illus 
trates an example of the predicted parameter DB 107. The 
demand restraint strength may further be included in the 
predicted parameter DB 107. 
The predicted period length is a length of period for which 

consumption of electric power will be predicted. The time 
(current time) is a time at which the prediction processing is 
executed. The history used period length is an interval length 
in past data, and when the power consumption distribution 
calculator 106 performs matching between power consump 
tion sequences or between temperature sequences, this inter 
Vallength of the past data gone back from the current time is 
used (as described in detail later). 
The predicted parameter learning unit 111 predicts a 

parameter (a history used period length) of each time using 
the electric power history DB 105 for each of all variations of 
the predicted period lengths notified by the demand restraint 
calculating apparatus 131. The predicted parameter learning 
unit 111 stores the parameter (the history used period length) 
calculated for each time and each predicted period length in 
the predicted parameter DB 107. 
The power consumption distribution calculator 106 iden 

tifies past days on which the transition of the outdoor tem 
perature is similar to that in this day by waveform matching 
on the basis of the predicted parameter DB 107, the tempera 
ture history DB 103, and the predicted period length notified 
by the demand restraint calculating apparatus 131. Then, the 
power consumption distribution calculator 106 identifies, in 
the electric power history DB 105 from the power consump 
tion sequences in the identified past days, power consumption 
sequences having the same demand restraint strength as that 
of the day and electric power consumption transitions similar 
to the power consumption transition in this day by waveform 
matching. If the demand restraint strength is not used, similar 
sequences may be identified by only waveform matching. 
Incidentally, demand restraint strength may be received from 
the demand restraint calculating apparatus 131 or the demand 
restraint strength may given by another arbitrary method. 
The period of matching is determined as follows. First, a 

history used period length is obtained from the predicted 
parameter DB 107. At this time, a predicted period length and 
a demand restraint strength are obtained from the demand 
restraint calculating apparatus 131, and a history used period 
length is obtained from the predicted parameter DB 107 with 
the current time, and the obtained predicted period length and 
the demand restraint strength used as a key. It should be noted 
that it is not essential that the demand restraint strength should 
be used. 

Then, it is assumed that a period from a time before the 
history used period length (a third time) with respect to a 
current time (a first time) to the current time is defined as a 
history used period. It is also assumed that a period (interval) 
from the current time “t to a time after the predicted period 
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length (a second time) is defined as a prediction period. Fur 
thermore, it is also assumed that a period obtained by adding 
the history used period and the prediction period together is 
defined as a whole period. Where the current time is “t the 
history used period length is “S” and the predicted period 
length is “T” the third time and the second time can be 
expressed as “t-S” and “t--T respectively. 
The matching of the temperature sequences is performed, 

for example, in the total period (“t-S” to “t+T) and the 
matching of the power consumption sequences is performed, 
for example, in the history used period. As the temperature 
sequence of this day in the prediction period of the total 
period, data from the temperature predicting apparatus is 
used. 
Once the similar power consumption sequences are iden 

tified, these identified sequences are used to, in the total 
period, calculate a statistical distribution or a representative 
value in each time (at constant intervals). Although the 
present embodiment shows an example in which averages 
and standard deviations are calculated, the calculation is not 
limited thereto as long as characteristics of the distribution 
can be represented. The power consumption distribution cal 
culator 106 transmits the information of the calculated aver 
ages and standard deviations to the power consumption pre 
dicting unit 108. 
The power consumption predicting unit 108 predicts power 

consumption in the prediction period (the current time “t” to 
“t+T) on the basis of the averages and standard deviations 
calculated by the power consumption distribution calculator 
106, the predicted parameter DB 107, and the electric power 
history DB 105. Specifically, the power consumption predict 
ing unit 108 uses the average values and standard deviations 
calculated for the past history used period (the time “t-S” to 
the current time “t') to calculate a deviation rate from the 
average values with respect to the power consumption 
sequence of this day. The deviation rate and the standard 
deviations in the prediction period are used to correct the 
average values of this day calculated at constant intervals 
from the current time “t to the time “t--T.” The sequence of 
the corrected values is obtained as a predicted sequence of the 
power consumption. The power consumption predicting unit 
108 transmits the obtained predicted power consumption 
sequence to the reserve capacity calculating unit 110. 
The reference power consumption receiver 109 obtains, 

from the demand restraint calculating apparatus 131, a power 
consumption sequence (a reference power consumption 
sequence) planned for a customer of interest. The reference 
power consumption receiver 109 transmits the obtained ref 
erence power consumption sequence to the reserve capacity 
calculating unit 110. 
The reserve capacity calculating unit 110 calculates as 

reserve capacity, a difference between the predicted power 
consumption sequence calculated by the power consumption 
predicting unit 108 and the reference power consumption 
sequence received by the reference power consumption 
receiver 109 in the interval from the current time “t and the 
predicted period length T. The reserve capacity calculating 
unit 110 transmits the calculated reserve capacity to the 
demand restraint calculating apparatus 131. 

FIG. 5 illustrates an example of a hardware configuration 
of the reserve capacity calculating apparatus 101. The same 
reference numerals are used for denoting the same compo 
nents in FIG. 1, and a redundant description thereof is omit 
ted. 

The reserve capacity calculating apparatus 101 can be real 
ized by using a computer apparatus as basic hardware. The 
computer apparatus includes, as illustrated in FIG. 5, a CPU 
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6 
203, an input unit 204, a display unit 205, a communication 
unit 206, a main memory unit 207, and an external memory 
unit 208. These components are connected and communi 
cated with each other via a bus 202. 
The input unit 204 includes an input device such as a 

keyboard and a mouse and outputs an operation signal gen 
erated from the input device to the CPU 203. 
The display unit 205 is composed of a display such as an 

LCD (Liquid Crystal Display) and a CRT (Cathode Ray 
Tube). 
The communication unit 206 includes communication 

means such as Ethernet (registered trademark), a wireless 
LAN (Local Area Network), Bluetooth (registered trade 
mark), and ZigBee (registered trademark), and communi 
cates with the temperature sensor 102, the power measuring 
instrument 104, the temperature predicting server 120, and 
the supply-and-demand controlling server 130. 
The external memory unit 208 is composed of a storage 

medium such as a hard disk drive or a CD-R, a CD-RW, a 
DVD-RAM, and a DVD-R, and stores a controlling program 
to cause the CPU 203 to execute the processing of the power 
consumption distribution calculator 106, the power consump 
tion predicting unit 108, the reference power consumption 
receiver 109, and the reserve capacity calculating unit 110. In 
addition, the storage medium stores as data the temperature 
history DB 103, the electric power history DB 105, the pre 
dicted parameter DB 107, and the like. 
The main memory unit 207 is composed of memory or the 

like. The main memory unit 207 deploys the controlling pro 
gram stored in the external memory unit 208 under the control 
of the CPU 203, and stores data required when the program is 
executed, data generated as a result of the execution of the 
program, and the like. The controlling program may be real 
ized by being installed in the computer apparatus beforehand 
or by being stored in a storage medium such as a CD-ROM. 
Alternatively, the controlling program may be distributed via 
a network and installed in the computer apparatus as needed. 

FIG. 6 illustrates an example of a communication proce 
dure performed when the temperature predicting apparatus 
121, the demand restraint calculating apparatus 131, the 
power receiver 109 in the reserve capacity calculating appa 
ratus, the power consumption distribution calculator 106, the 
power consumption predicting unit 108, and the reserve 
capacity calculating unit 110 interact with each other to oper 
ate. 

In step S301, the demand restraint calculating apparatus 
131 transmits a reserve capacity calculation request including 
a predicted period length and a demand restraint strength to 
the power consumption distribution calculator 106, thereby 
starting the reserve capacity calculation processing by the 
reserve capacity calculating apparatus 101. 

In step S302, the temperature predicting apparatus 121 
transmits a predicted temperature sequence to the power con 
Sumption distribution calculator 106 in response to a request 
from the power consumption distribution calculator 106. The 
transmitted predicted temperature sequence is a sequence of 
at least a current time (first time)“t' or later. The current time 
(first time) “t' is a time at which the reserve capacity calcu 
lating apparatus carries out the calculation. For example, the 
current time (first time) “t' is a time at which the reserve 
capacity calculation request is received or a designated time if 
the reserve capacity calculation request includes time desig 
nation. 
The power consumption distribution calculator 106 calcu 

lates a power consumption distribution (averages and stan 
dard deviations as a statistical distribution or representative 
values, described later in detail). In step S303, the power 
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consumption distribution calculator 106 transmits the calcu 
lated power consumption distribution to the power consump 
tion predicting unit 108. 

The power consumption predicting unit 108 uses the power 
consumption distribution to predict a power consumption 
sequence in a prediction period. In step S304, the power 
consumption predicting unit 108 transmits the predicted 
power consumption sequence to the reserve capacity calcu 
lating unit 110. 
On the other hand, in step S305, the demand restraint 

calculating apparatus 131 transmits a reference power con 
Sumption sequence to the reference power consumption 
receiver 109. It should be noted that the timing of the step 
S305 may be the same as that of the step S301 or may be the 
timing at which the demand restraint calculating apparatus 
131 receives a request from the reference power consumption 
receiver 109. Here, for simplicity, it is assumed that the step 
S305 is carried out a fixed period of time after the step S301. 

In step S306, the reference power consumption receiver 
109 transmits the reference power consumption sequence 
received from the demand restraint calculating apparatus 131 
to the reserve capacity calculating unit 110. 

The reserve capacity calculating unit 110 calculates 
reserve capacity on the basis of the predicted power consump 
tion sequence and the reference power consumption 
sequence. In step S307, the reserve capacity calculating unit 
110 transmits the calculated reserve capacity to the demand 
restraint calculating apparatus 131. 

FIG. 7 illustrates an example of a procedure of the power 
consumption distribution calculator 106 in FIG. 1. 
When the step S301 and the step S302 in FIG. 6 are carried 

out, a step S401 in FIG.7 is carried out. In step S401, ahistory 
used period length (a predicted parameter) S is obtained from 
the predicted parameter DB 107 (see FIG. 4) with the current 
time “t' and the predicted period length “T” used as a key. 

In step S402, on the basis of the power consumption 
sequence in the history used period of this day (the day on 
which the reserve capacity calculation request is received), 
the outdoor temperature sequence in the history used period 
of this day, the predicted temperature sequence in the predic 
tion period obtained from the temperature predicting appara 
tus 121, and the demand restraint strength obtained from the 
demand restraint calculating apparatus 131, past days having 
patterns of the outdoor temperature and the power consump 
tion that are similar to those patterns of this day is identified, 
and the power consumption sequences of the identified days 
are obtained from the electric power history DB 105 in FIG. 
3. 
The operation of the step S402 will be described in detail. 

As illustrated in FIG. 8, of an outdoor temperature waveform 
(a current outdoor temperature waveform) of this day, an 
outdoor temperature sequence in the history used period is 
connected with a predicted temperature sequence in the pre 
diction period, and in the period of the history used period and 
the prediction period (the total period), temperature 
sequences having a waveform (a sequence part) similar to the 
connected temperature sequence are identified in the tem 
perature history DB 103. For example, data (an outdoor tem 
perature sequence) K3 and data K4 are identified. Although 
the temperature sequences of the history have a time length of 
0 to 24 hours, in the similarity determination, only the data in 
the total period (the history used period and the prediction 
period) is used. 
As a distance measure for measuring similarity between 

data items, there is a method in which simply a Euclidean 
distance is used or a method in which broken line approxi 
mation is performed on sequence data before a Euclidean 
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8 
distance of each interval is used. A plurality of closest 
sequences may be adopted or sequences having a distance 
equal to or Smaller than a threshold value may be adopted. 

All the past power consumption sequences having the same 
date as the date of the temperature sequence detected as 
similar one (and the same demand restraint strength) are read 
out from the electric power history DB 105. Then, as illus 
trated in FIG.9, the sequence in the history used period of the 
power consumption sequence of this day is compared to 
read-out past power consumption sequences (here, sequences 
D1, D2, D3, and D4 are read out) in the history used period, 
and all the similar past power consumption sequences are 
identified. For example, the data items (power consumption 
sequences) D1 and D2 are identified as similar data (assume 
that the demand restraint strengths are identical). Similarity 
determination processing is carried out in accordance with 
the foregoing description. 
The number to be identified (assume “N’) may be desig 

nated beforehand, and in this case, only a designated number 
of past power consumption sequences are identified. It should 
be noted that if the number of read-out power consumption 
sequences is already Smaller than the designated number"N.” 
the process flow may return to the above-described similarity 
determination of the outdoor temperature sequences and the 
processing may start again with a looser similarity criterion. 
Further, the number of power consumption sequences may 
not necessarily be complemented. 

In the processing, the similarity determination of the tem 
perature sequences is made in the total period, but the deter 
mination may be made in at least a period including the 
prediction period. The determination may be made in a period 
from a start time (at midnight) of this day to the time “t--T.’ 
The reason why the similarity determination is made with 

the temperature sequences in the processing is that the out 
door temperature significantly influences the power con 
Sumption of the customer (in particular, the power consump 
tion of an air conditioner). 

In the present embodiment, the past temperature sequences 
are obtained from the temperature history DB 103. However, 
if the past temperature sequences are stored in an external 
server Such as the temperature predicting server 120, the past 
temperature sequence may be obtained from the external 
server. In this case, the temperature sensor 102 and the tem 
perature history DB may be removed from the customer 
house. 

In step S403, all the power consumption sequences identi 
fied in step S402 are used to calculate an average value “L” 
and a standard deviation “O, at constant intervals, respec 
tively. As illustrated in FIG. 10, the calculation is performed 
at least in the above-described whole period (the history used 
period and the prediction period). Specifically, starting with 
the time “t-S” and ending at the time “t+T an average value 
and a standard deviation are calculated between the identified 
power consumption sequences at constant intervals, respec 
tively. 

FIG. 11 illustrates an example of a procedure of the power 
consumption predicting unit 108 in FIG. 1. 
When the step S303 in FIG. 6 is carried out, a step S801 in 

FIG. 11 is carried out. 
In step S801, in the data from the time “t-S” to the current 

time “t of the power consumption sequence of this day (data 
of the history used period), a deviation rate “n” from the 
average value 'u' is calculated at constant intervals. 
The deviation rate “n” is calculated as follows: 

n' (X(3-1).o.)/S Equation 1 
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The parameter “y, denotes the power consumption in the 
time “t.” The parameters “u?” and “o, denote the average 
value and the standard deviation in the time “t, respectively. 
The parameter “S” denotes the history used period length. 

In step S802, the deviation rate “n” calculated in the equa 
tion 1, the average value “L” and the standard deviation “O, 
of each of the constant intervals in the prediction period (the 
times “t to “t--T) are used to calculate the predicted power 
consumption sequence “Z” in the prediction period. 

Specifically, the predicted power consumption sequence 
Z, is calculated in the following equation 2. 

zu-no, Equation 2 

That is, assuming that the deviation rate “n” calculated in 
the history used period remains constant after the current time 
“t, the power consumption is predicted. FIG. 12 schemati 
cally illustrates an example of calculating the deviation rate 
“n” and the predicted values in this step. 

FIG. 13 illustrates an example of a procedure of the pre 
dicted parameter learning unit 111 in FIG.1. The processing 
calculates a history used period length in each time for each of 
all the variations of the predicted period lengths. FIG. 14 
schematically illustrates a procedure of this processing. This 
example shows the case where the demand restraint strength 
is not used, but the case where the demand restraint strength 
is used may be carried out in the same manner. 

In step S901 of FIG. 13, initial values of the calculation 
time (the current time) “t, the predicted period length “T. 
and the history used period length “S” are given. For example, 
it is assumed that the calculation time “t' is "00:00:00, the 
predicted period length “T” is 60 minutes, and the history 
used period length “S” is 60 minutes. 

The step S901 may be carried out at constant intervals or 
when a certain amount of data is stored in the electric power 
history DB 105. Alternatively, the step S901 may be carried 
out when all the variations of the predicted times obtained 
from the demand restraint calculating apparatus 131 in FIG. 1 
are changed. 

In step S902, the power consumption distribution calcula 
tion processing shown by the flow in FIG. 7 is executed to 
calculate an average value “L” and a standard deviation “O, 
of the power consumption in each of the constant time inter 
vals in the whole period (from the time “t-S' to the time 
“t+T). Specifically, the processing is executed on the power 
consumption sequences of the dates before a target date to 
calculate the average values 'L' and the standard deviations 
“O,.” Any target date may be designated when the processing 
is executed. For example, the most recent date in the past 
history or some other date may be designated. 

In step S903, the power consumption prediction processing 
shown by the flow in FIG. 11 is executed to calculate pre 
dicted power consumption sequence of the target date. 

In step S904, the predicted power consumption sequence 
calculated in step S903 is compared with the power consump 
tion sequences used for the power consumption distribution 
calculation processing of the step S902 to calculate an error in 
the prediction period. Specifically, the error is calculated 
using the following equation 3. 

Equation 3 

yeD t 

In the equation, “D' denotes a set of the power consump 
tion sequences used for the power consumption distribution 
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10 
calculation processing and “IDI denotes the number of the 
power consumption sequences included in "D. 

In step S905, it is determined whether or not the error E 
calculated in step S904 is equal to or smaller than a threshold 
value. If the error E is equal to or smaller than the threshold 
value (if the error E has converged), a step S907 is carried out 
and if the error E is larger than the threshold value, a step S906 
is carried out. 

In step S906, the history used period length “S” is updated 
with “S+AS. The parameter “AS” is given beforehand (for 
example, 15 minutes). 

In step S907, information of the calculation time, the pre 
dicted period length, and the history used period length is 
written in the predicted parameter DB 107 in FIG. 1. 

In step S908, it is determined whether all the variations of 
the predicted period lengths have ended. If all the variations 
have ended, a step S909 is carried out, and if not, the process 
ing returns to the step S901, and the processing is executed 
with a next variation of the predicted period lengths. All the 
variations of the predicted period lengths are given before 
hand. All the variations of the predicted period lengths may be 
designated by the demand restraint calculatingapparatus 131. 

In step S909, it is determined whether the processing has 
ended for all the calculation times. If the processing has 
ended, the predicted parameter calculation processing comes 
to end, and if not, the processing returns to step S901. Then, 
the processing is executed with the calculation time (the 
current time) shifted to a next time (for example, set forward 
15 minutes). 

FIG. 15 is a diagram for explaining processing of the 
reserve capacity calculating unit 110. 
The reserve capacity calculating unit 110 calculates, as 

reserve capacity, a difference between the predicted power 
consumption sequence in the prediction period (from the 
current time “t to the time “t--T) and a prediction period part 
of the reference power consumption sequence from the 
demand restraint calculating apparatus 131. A hatched part in 
the drawing corresponds to the reserve capacity. The refer 
ence power consumption sequence represents each custom 
er's demand (electric power consumption) planned by the 
Supply-and-demand controlling server with influences Such 
as temperature taken into consideration. 

Thus, according to the embodiment, a Supply-and-demand 
controlling server of an electric power company performs the 
power consumption prediction of a customer before carrying 
out a DR, and thereby the reserve capacity of the customer is 
allowed to be estimated. 

In addition, because the calculation of the reserve capacity 
of the customer can increase the calculation accuracy of a 
requested amount of power consumption restraint in the Sup 
ply-and-demand controlling server, the possibility of paying 
excessive incentives to the customer can be reduced. 

FIG. 16 illustrates a reserve capacity calculating apparatus 
101A according to a second embodiment. 
The reserve capacity calculating apparatus 101A accord 

ing to the embodiment is installed in a Supply-and-demand 
controlling server 130A and connected with the power mea 
suring instrument 104 installed in the customer 100 via a 
network. Because the other components are same as those in 
the first embodiment, a description thereof is omitted. 

FIG. 17 illustrates a reserve capacity calculating apparatus 
101B according to a third embodiment. 
The reserve capacity calculating apparatus 101B according 

to the embodiment is configured by further including a living 
information history DB 1102 in addition to the components of 
the first embodiment. A household electrical appliance 1101 
is installed in the customer house. 
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The living information history DB 1102 regularly stores a 
household electrical appliance state obtained from the house 
hold electrical appliance 1101 and a history from a sensor in 
the customer house. 

FIG. 18 illustrates an example of the living information 
history DB 1102. The number of persons in each room, out 
door temperature, room temperature of each room, set tem 
perature of an air conditioner, an on/off state of a TV and the 
like are shown in minutes. The data of the living information 
history DB 1102 is used by the power consumption distribu 
tion calculator 106. 

The power consumption distribution calculator 106 deter 
mines the similarity of the outdoor temperature sequences as 
described in the first embodiment as well as determines simi 
larity between a past living information history and living 
information of this day in the period from the time “t-S’ to 
the time “t.” The similarity determination may be made by, for 
example, in a comparison interval for each field in FIG. 18. 
calculating an average value, taking a mode, taking a value at 
a current time, and so on, to obtain vectors constituted by 
arranging a representative value of each field, and then per 
forming comparison between the vectors. Then, a date at 
which a distance between the vectors is equal to or smaller 
thana threshold value may be detected. Using this, the present 
embodiment identifies a similar past day in terms of a living 
information history, a temperature history, and a power con 
Sumption history to carry out prediction by using a power 
consumption sequence of a particular day. Since a specific 
method is evident from the description of the first embodi 
ment, a description thereof is omitted. 
The present invention is not limited to the exact embodi 

ments described above and can be embodied with its compo 
nents modified in an implementation phase without departing 
from the scope of the invention. Also, arbitrary combinations 
of the components disclosed in the above-described embodi 
ments can form various inventions. For example, some of the 
all components shown in the embodiments may be omitted. 
Furthermore, components from different embodiments may 
be combined as appropriate. 
What is claimed is: 
1. A reserve capacity calculating apparatus comprising: 
a reference power consumption receiver configured to 

receive from a demand restraint calculating apparatus a 
reference power consumption sequence being a power 
consumption sequence of a first date planned for a cus 
tomer, 

an electric power history database configured to store 
therein a power consumption sequence of the customer 
and demand restraint strength with each date, the power 
consumption sequence being measured by a power mea 
Suring instrument; 

a temperature history database configured to store therein 
an outdoor temperature sequence of a customer house 
with each date, the outdoor temperature sequence being 
measured by a temperature sensor, 

a power consumption distribution calculator configured to 
(a) use a predicted outdoor temperature sequence given 
previously of the customer house for a prediction period 
at the first date from a first time to a second time being 
later than the first time, (b) identify, in the temperature 
history database, dates having a sequence part similar to 
the predicted outdoor temperature sequence in the pre 
diction period, (c) identify, with identified dates, in the 
electric power history database, power consumption 
sequences having same demand restraint strength as that 
of the first date, and (d) calculate a statistical distribution 
or a representative value of identified power consump 
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12 
tion sequences for each of a history used period from a 
third time to the first time and the prediction period, the 
third time being earlier than the first time; 

a power consumption predicting unit configured to correct 
the statistical distribution or the representative value of 
the prediction period based on the power consumption 
sequence measured for the history used period at the first 
date and the statistical distribution or the representative 
value of the history used period and predict a power 
consumption sequence in the prediction period based on 
the corrected statistical distribution or the corrected rep 
resentative value of the prediction period; and 

a reserve capacity calculating unit configured to calculate 
reserve capacity being a difference between a predicted 
power consumption sequence and a sequence part in the 
prediction period of the reference power consumption 
sequence, and to transmit the reserve capacity to the 
demand restraint calculating apparatus. 

2. The apparatus according to claim 1, wherein the power 
consumption distribution calculator calculates average values 
and standard deviations at constant intervals in each of the 
history used period and the prediction period as the statistical 
distribution or the representative value, and 

the power consumption predicting unit calculates a devia 
tion rate from the average values with respect to the 
power consumption sequence in the history used period 
at the first date and calculates the predicted power con 
Sumption sequence in the prediction period at the first 
date using the average values and the standard deviations 
in the prediction period and the deviation rate. 

3. The apparatus according to claim 2, wherein the power 
consumption distribution calculator uses sequences similar to 
the power consumption sequence at the first date in the history 
used period, out of the identified power consumption 
sequences, to calculate the average values and the standard 
deviations. 

4. The apparatus according to claim 3, wherein the power 
consumption predicting unit obtains the deviation rate by 
Subtracting the average values in the history used period from 
values at the constant intervals in the history used period with 
respect to the power consumption sequence of the first date, 
dividing resultant, values by the standard deviations in the 
history used period, Summing up, and dividing a Summed up 
value by a length of the history used period. 

5. The apparatus according to claim 4, wherein the power 
consumption predicting unit obtains the predicted power con 
Sumption sequence by multiplying the deviation rate by stan 
dard deviations in the prediction period and adding the aver 
ages in the prediction period to multiplied values. 

6. The apparatus according to claim 1, further comprising 
a predicted parameter database configured to hold a time, a 
predicted period length, and a history used period length 
associated with each other, 

wherein the power consumption distribution calculator 
receives a value of the predicted period length, from the 
demand restraint calculating apparatus, obtains from the 
predicted parameter database a history used period 
length associated with the first time and a received value, 
and determines an obtained history used period length as 
a length of the history used period from the third time to 
the first time. 

7. The apparatus according to claim 6, further comprising 
a predicted parameter learning unit configured to use a power 
consumption sequence of a past day stored in the electric 
power history database, the power consumption distribution 
calculator, and the power consumption predicting unit to 
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determine a history used period length to each of a plurality of 
predicted period lengths for each of a plurality of times, 

wherein the predicted parameter learning unit predicts the 
power consumption for each of the predicted period 
lengths for each of the times, and determines the history 
used period length so that a difference between the pre 
dicted power consumption and the power consumption 
stored in the electric power history database is equal to 
or smaller than a threshold value. 

8. The apparatus according to claim 1, further comprising 
a device configured to receive the predicted outdoor tempera 
ture sequence of the customer house from an external tem 
perature predicting apparatus. 

9. A processor-implemented reserve capacity calculating 
method comprising: 

receiving from a demand restraint calculating apparatus a 
reference power consumption sequence being a power 
consumption sequence of a first date planned for a cus 
tomer, 

storing in an electric power history database a power con 
Sumption sequence of the customer and demand 
restraint strength with each date, the power consumption 
sequence being measured by a power measuring instru 
ment; 

storing in a temperature history database an outdoor tem 
perature sequence of a customer house with each date, 
the outdoor temperature sequence being measured by a 
temperature sensor; 

(a) using a predicted outdoor temperature sequence given 
previously of the customer house for a prediction period 
at the first date from a first time to a second time being 
later than the first time, (b) identifying, in the tempera 
ture history database, dates having a sequence part simi 
lar to the predicted outdoor temperature sequence in the 
prediction period, (c) identifying, with identified dates, 
in the electric power history database, power consump 
tion sequences having same demand restraint strength as 
that of the first date, and (d) calculating a statistical 
distribution or a representative value of identified power 
consumption sequences for each of a history used period 
from a third time to the first time and the prediction 
period, the third time being earlier than the first time: 

correcting the statistical distribution or the representative 
value of the prediction period based on the power con 
Sumption sequence measured for the history used period 
at the first date and the statistical distribution or the 
representative value of the history used period and pre 
dicting a power consumption sequence in the prediction 
period based on the corrected statistical distribution or 
the corrected representative value of the prediction 
period; and 
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calculating reserve capacity being a difference between a 

predicted power consumption sequence and a sequence 
part in the prediction period of the reference power 
consumption sequence, and to transmit the reserve 
capacity to the demand restraint calculating apparatus. 

10. A non-transitory computer readable medium storing a 
program, when executed by a computer, causing the com 
puter to perform the steps comprising: 

receiving from a demand restraint calculating apparatus a 
reference power consumption sequence being a power 
consumption sequence of a first date planned for a cus 
tomer, 

storing in an electric power history database a power con 
Sumption sequence of the customer and demand 
restraint strength with each date, the power consumption 
sequence being measured by a power measuring instru 
ment; 

storing in a temperature history database an outdoor tem 
perature sequence of a customer house with each date, 
the outdoor temperature sequence being measured by a 
temperature sensor; 

(a) using a predicted outdoor temperature sequence given 
previously of the customer house for a prediction period 
at the first date from a first time to a second time being 
later than the first time, (b) identifying, in the tempera 
ture history database, dates having a sequence part simi 
lar to the predicted outdoor temperature sequence in the 
prediction period, (c) identifying, with identified dates, 
in the electric power history database, power consump 
tion sequences having same demand restraint strength as 
that of the first date, and (d) calculating a statistical 
distribution or a representative value of identified power 
consumption sequences for each of a history used period 
from a third time to the first time and the prediction 
period, the third time being earlier than the first time: 

correcting the statistical distribution or the representative 
value of the prediction period based on the power con 
Sumption sequence measured for the history used period 
at the first date and the statistical distribution or the 
representative value of the history used period and pre 
dicting a power consumption sequence in the predica 
tion period based on the corrected statistical distribution 
or the corrected representative value of the prediction 
period; and 

calculating reserve capacity being a difference between a 
predicted power consumption sequence and a sequence 
part in the prediction period of the reference power 
consumption sequence, and to transmit the reserve 
capacity to the demand restraint calculating apparatus. 
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